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As  the  Nation's  principal  conservation  agency,  the  Department 
of  the  Interior  has  basic  responsibilities  for  water,  fish,  wildlife, 
mineral,  land,  park,  and  recreational  resources.  Indian  Territorial 
affairs  are  other  major  concerns  of  America's  "Department  of 
Natural  Resources". 

The  Department  works  to  assure  the  wisest  choice  in  managing 
all  our  resources  so  each  will  make  its  full  contribution  to  a  better 
United  States— now  and  in  the  future. 


FOREWORD 

This  is  one  of  a  continuing  series  of  reports  designed  to  present 
accounts  of  progress  in  saline  water  conversion  and  the  economics  of 
its  application.  Such  data  are  expected  to  contribute  to  the  long-range 
development  of  economical  processes  applicable  to  low-cost  demineraliza- 
tion  of  sea  and  other  saline  water. 

Except  for  minor  editing,  the  data  herein  are  as  contained  in  a  report 
submitted  by  the  contractor.  The  data  and  conclusions  given  in  the  report 
are  essentially  those  of  the  contractor  and  are  not  necessarily  endorsed  by 
the  Department  of  the  Interior. 
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Abstract 


U.  S.  Geological  Survey 

SALINE  GROUND-WATER  RESOURCES  OF  THE  TULAROSA  BASIN,  NEW  MEXICO 

J.  S.  McLean,  Albuquerque,  New  Mexico 

OSW  Report  No.  561,  128  pages,  34  figures,  69  references 


This  report  describes  the  location,  extent,  and  quality  of 
saline  ground  water  in  the  Tularosa  Basin,  a  north-trending 
elongated,  intermontane ,  desert  basin  in  south-central  New  Mexico. 
There  are  no  through-flowing  streams;  runoff  from  the  bordering 
mountains  flows  to  ephemeral  lakes  in  the  center  of  the  basin. 

Fresh-water  supplies  in  the  Tularosa  Basin  are  limited;  however, 
large  volumes  of  saline  ground-water  underlie  most  of  the  basin. 

Consolidated  rocks  ranging  from  Precambrian  through  Cretaceous 
in  age  form  "bedrock"  aquifers  in  the  basin.   Where  these  rocks 
are  exposed  in  the  mountains  bordering  the  basin,  and  in  the  north 
part  of  the  basin,  they  may  yield  up  to  150  gallons  per  minute, 
although  yields  are  usually  less  than  20  gpm.   Water  at  shallow 
depths  in  these  rocks  usually  contain  1-3  g/1.   Water  quality 
deteriorates  with  depth,  and  more  than  35  g/1  water  is  present  in 
some  rock  units.   Few  wells  have  penetrated  these  rocks  beneath  the 
alluvial  deposits  in  the  central  part  of  the  basin,  where  well  vields 
and  water  quality  are  generally  unknown. 

The  most  widely  developed  aquifer  in  the  basin  is  the 
alluvial  fill  of  Tertiary  to  Holocene  age  which  exceeds  6,000 
feet  in  thickness  in  the  southern  part  of  the  basin.   Well  yields 
of  as  much  as  1,400  gallons  per  minute  have  been  measured.   Fresh 
water  lenses  occur  in  the  alluvial  fill  adjacent  to  the  mountains 
on  the  east  and  west  sides  of  the  southern  part  of  the  basin.   The 
water  below  the  fresh-water  lenses  in  the  alluvial  fill  increases 
in  salinity  with  depth.   Salinity  also  increases  toward  the  center 
of  the  basin. 

The  altitude  of  isosaline  surfaces  and  thickness  of  the 
saline-water  zones  are  shown  on  maps  of  the  entire  basin  and  of 
the  following  detailed  areas  within  the  basin:   Alamogordo, 
Tularosa,  Carrizozo,  and  the  western  margin  of  the  basin. 


"Tularosa  Basin/  *saline  ground-water/  desalination/  saline-water 
interfaces/  "saline-water  aquifers/  ground-water  movement/ 
transmissivity/  specific  yield/  water  consumption/  saline-water 
systems/  geohvdrologic  units/  water  table/  New  Mexico  State  Engineer 
cooperator/  OSW  cooperator/ 
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Saline  ground-water  resources  of  the  Tularosa  Basin 

New  Mexico 

By 

J.  S.  McLean 

Introduction 


Saline  ground  water  in  the  United  States  has  long  been 
considered  a  nuisance  and  hazard  to  recovery  from  fresh-water 
aquifers.   However,  as  conventional  surface  and  fresh  underground- 
water  supplies  become  locally  depleted  or  incrementally  more 
expensive,  desalted  ground  water  may  prove  a  viable  alternative 
for  municipal  water  supplies.   As  saline  ground  water  underlies 
many  of  the  country's  water-short  basins,  practical  conversion  by 
desalting  would  have  significant  impact  in  future  water-supply 
planning. 

In  order  to  evaluate  the  potential  of  the  saline-water  resource, 
first  must  come  study  of  the  availability  and  the  economics  of 
recovery  and  subsequently  its  conversion  to  fresh  water.   The  Tula- 
rosa Basin,  a  north-trending  desert  basin  in  south-central  New  Mexico, 
is  one  of  several  areas  in  that  state  where  fresh  water  supplies  are 
meager  but  saline  water  is  abundant,  and  where  water-supply  shortages 
threaten  future  growth.   It  was  therefore  selected  for  a  pilot  study 
to  determine  (1)  the  availability  and  characteristics  of  the  saline 
ground  water;  this  part  of  the  study  was  a  cooperative  effort  of  the 
Office  of  Saline  Water,  Department  of  Interior  (OSW) ,  the  U.  S. 
Geological  Survey  and  the  State  Engineer  of  New  Mexico;  (2)  the 
economics  and  potential  for  use  of  the  basin's  saline  ground  water 
in  meeting  needs  in  specific  areas — Alamogordo,  Tularosa,  Carrizozo, 
White  Sands  National  Monument,  and  military  installations  (fig.  1); 
this  part  of  the  study  is  being  prepared  by  the  New  Mexico  Water 
Resources  Research  Institute  for  the  OSW,  and  is  scheduled  for  completion 
in  late  1970. 
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In  addition  to  providing  data  for  use  in  the  second  part  of 
this  comprehensive  analysis,  this  study  complements  a  study  of  the 
saline  ground-water  resources  of  the  Rio  Grande  Basin,  of  which  the 
Tularosa  Basin  is  a  part.   The  Rio  Grande  study  is  being  prepared 
concurrently  by  the  U.  S.  Geological  Survey  for  the  OSW  and  is  to 
be  published  as  OSW  Research  and  Development  Progress  Report  No.  560. 

The  objectives  of  the  Tularosa  Basin  study  are  to  define  the 
extent  and  volume  of  saline  water  of  different  ranges  in  concentration 
and  the  ease  with  which  saline  water  can  be  recovered,  including 
yield  of  wells.   Particular  emphasis  was  placed  on  the  occurrence 
of  saline  ground  water  in  the  specific  areas  referred  to  previously. 


Summary,  conclusions,  and  recommendations 

Fresh  surface-water  and  ground-water  supplies  in  the 
Tularosa  Basin  are  limited  and  may  be  insufficient  for  future 
needs.   Large  bodies  of  saline  ground  water  that  underlie  the 
basin  may  provide  an  economic  supplemental  water  resource.   This 
report  describes  these  saline-water  resources  as  an  initial  step 
in  evaluating  the  potential  of  desalting  in  the  economy  of  the 
region. 

Ground  water  in  the  Tularosa  Basin  grades  from  fresh  water — 
defined  as  water  containing  less  than  1  g/1  (grams  per  liter)  dissolved 
solids — in  the  permeable  alluvial-fan  deposits  adjacent  to  the 
mountain  fronts  to  water  containing  more  than  100  g/1  dissolved 
solids  in  the  less  permeable  playa  deposits  in  the  center  of  the 
basin.   The  saline-water  body  is  subdivided  for  mapping  purposes  on 
the  basis  of  total  dissolved-solids  content  into  the  1-3,  3-10, 
10-35,  and  greater  than  35  g/1  zones.   Normal  sea-water  salinity  is 
about  35  g/1;  all  water  with  more  than  35  g/1  dissolved  solids  content 
is  classified  as  brine  in  this  report.   About  2  percent  of  the 
saturated  deposits  in  the  basin  contain  water  with  less  than 
35  g/1  dissolved  solids.   Less  than  0.2  percent  of  the  saturated 
deposits  contain  fresh  water. 

Two  significant  fresh-water  zones  occur  in  the  Tularosa  Basin. 
The  zone  on  the  east  side  of  the  basin,  adjacent  to  the  Sacramento 
Mountains  (fig.  2),  from  Alamogordo  to  about  15  miles  south  of 
Grapevine  Canyon  is  being  developed  as  a  potable  water  source  for 
Holloman  Air  Force  Base  Headquarters,  White  Sands  National  Monument 
Headquarters,  and  the  city  of  Alamogordo.   In  addition,  a  few 
scattered  irrigation  and  domestic  wells  withdraw  less  than  200 
acre-feet  of  water  per  year  from  the  fresh-water  zone  on  the  east 
side  of  the  basin.   This  zone  is  about  1,200  feet  thick  and  contains 
about  3  million  acre-feet  of  water.   The  fresh-water  zone  on  the 
west  side  of  the  basin,  adjacent  to  the  San  Andres,  Organ,  and 
Franklin  Mountains  from  near  Ash  Canyon  on  the  north  to  the  Texas 
border  on  the  south,  contains  about  7  million  acre-feet  of  water  and 
is  presently  being  used  as  a  source  of  potable  water  for  White  Sands 
Missile  Range  Headquarters. 

Saline  ground-water  containing  1-3  g/1  dissolved  solids  is  used  for 
municipal,  domestic,  stock,  and  irrigation  supply  in  the  Alamogordo, 
Tularosa,  and  Carrizozo  areas.   Ground  water  containing  3-10  g/1  is  used 
for  livestock  in  the  central  part  of  the  basin.   Ground  water  containing 
more  than  10  g/1  dissolved  solids  is  not  used.   Unconsolidated  deposits 
in  the  Tularosa  Basin  contain  about  30  million  acre-feet  of  1-3  g/1 
saline  water.   The  quantities  of  water  in  the  3-10  and  10-35  g/1  zones 
are  of  the  same  order  of  magnitude. 


The  following  areas  are  known  to  be  capable  of  producing  signifi- 
cant quantities  of  saline  water:   The  area  west  of  Highway  54  and  south 
of  Alamogordo;  areas  west  and  northwest  of  Alamogordo;  areas  northwest 
and  southwest  of  the  irrigated  area  near  Tularosa;  the  central  part  of 
the  Tularosa  Basin  east  and  southeast  of  White  Sands  Missile  Range 
Headquarters;  and  an  area  in  sec.  2,  T.  17  S.,  R.  4  E. 

Areas  for  which  information  is  sparse,  but  which  may  yield  signifi- 
cant quantities  of  saline  water  include:   The  areas  south  and  east  of 
Orogrande;  the  area  west  of  Highway  54  between  Tularosa  and  Three  Rivers; 
the  alluvial  fans  east  of  the  San  Andres  Mountains  between  Rhodes  Canyon 
and  Ash  Canyon;  and  the  area  bordering  the  fresh  water  zone  between  Ash 
Canyon  and  White  Sands  Missile  Range  Headquarters  on  the  east.   The 
extent,  thickness,  quality,  and  yield  of  saline  water  in  these  areas  would 
have  to  be  determined  by  test  drilling. 

Wells  and  well  fields  which  are  abandoned  because  of  deteriorating 
water  quality  may  possibly  be  used  to  supply  saline  water.   Wells 
drilled  for  the  production  of  saline  water,  however,  should  be  located  and 
pumped  in  such  a  manner  that  interference  with  fresh  water  supplies  is 
minimized.   This  can  be  accomplished  by  locating  the  well  field  far  from 
the  potable  water  area  or  by  spacing  and  pumping  fresh-  and  saline-water 
wells  so  the  fresh-saline  interface  remains  stable.   This  would  require 
carefully  controlled  pumping  in  both  zones. 

The  intertonguing  of  saline-water  units  and  the  heterogeneity  of 
the  alluvial  deposits  make  it  difficult  to  find  areas  where  large 
quantities  of  water  of  a  specific  quality  might  be  obtained.   As  pumping 
progresses  over  months  or  years,  the  total  dissolved  solids  in  a  well 
may  change  due  to  the  influx  of  either  more  saline  or  less  saline  water. 
The  relative  proportions  of  individual  ions  may  likewise  change.   Well 
fields  for  saline-water  withdrawal  should  be  large  enough  to  allow  the 
mixing  of  water  to  maintain  the  desired  feed  water. 

Waste  water  from  desalting  plants  can  be  disposed  of  by  evaporation 
in  playa  lakes,  by  evaporation  and  infiltration  in  the  central  part  of 
the  basin,  or  possibly  by  deep-well  injection.   Evaporation- infiltration 
disposal  sites  should  be  located  in  areas  where  shallow  ground  water  is 
already  too  saline  for  possible  desalting.   Deep  injection  of  wastes, 
while  more  expensive,  would  reduce  the  possibility  of  contamination 
of  areas  of  less  saline  water.   This  disposal  method  might  be  necessary 
in  the  south-central  part  of  the  basin. 


Description  of  the  basin 

Physical  features 

The  Tularosa  Basin,  6,500  square  miles  in  extent,  is  an 
elongated  desert  valley  which  comprises  about  5  percent  of  the 
Rio  Grande  drainage  basin  (135,000  square  miles)  in  the  United 
States.  Land-surface  altitudes  within  the  basin  range  from  less 
than  h,000  feet  in  the  barren  alkali  flats  in  the  south-central 
part  to  over  12,000  feet  at  the  crest  of  Sierra  Blanca  Peak. 
The  present  topography  of  the  basin  results  from  north-trending, 
nearly  vertical,  normal  faults  which  were  active  in  middle  to 
late  Cenozoic  time.   These  faults  created  a  structural  trough,  or 
graben,  that  is  bounded  on  the  west  by  the  Franklin,  Organ,  and 
San  Andres  Mountains,  the  Sierra  Oscura,  and  Chupadera  Mesa;  on 
the  east  the  graben  is  bounded  by  the  Hueco  and  Sacramento  Mountains, 
Sierra  Blanca,  Tucson  Mountain,  Patos  Mountain,  and  Gallinas  Peak. 
The  basin  is  bounded  on  the  north  by  a  broad,  high  topographic  divide 
and  on  the  south  by  an  almost  imperceptible  divide  separating  it  from 
the  Hueco  Bolson  in  Texas. 

The  floor  of  the  basin  slopes  gently  southward  and  contains  many 
depressions,  or  playas,  that  have  no  drainage  outlet.   These  depressions 
form  ephemeral  lakes  during  rainy  periods;  when  dry  they  commonly 
become  alkali  flats. 


Precipitation  and  runoff 

Mean  annual  precipitation  in  the  basin  ranges  from  about 
10  inches  in  the  central  part  to  about  25  inches  on  the  higher 
mountain  slopes.   Maximum  rainfall  occurs  during  winter  storms  from 
January  through  March  and  during  summer  thunderstorms  from  July 
through  September. 

Precipitation  on  the  mountain  slopes  surrounding  the  basin 
runs  off  in  intermittent  streams  that  drain  toward  the  center  of 
the  basin,  or  moves  as  ground-water  flow  through  alluvial  deposits 
in  the  bottom  of  stream  channels.   At  the  apex  of  each  alluvial  fan 
some  of  the  runoff  infiltrates  to  the  ground-water  body.   Runoff 
passing  beyond  the  toes  of  the  alluvial  fans  flows  out  into  the 
basin  and  evaporates  on  the  playas  ("dry  lakes"  or  "alkali  flats") , 
depositing  the  dissolved  solids.   Accretion  to  the  ground-water  body 
occurs  mainly  during  winter  storms.   The  intense  summer  thunderstorms 
produce  high  runoff  of  such  short  duration  that  little  water 'is  recharged 
to  the  ground-water  body. 


Use  of  water 

Holloman  Air  Force  Base,  White  Sands  Missile  Range  Head- 
quarters, and  the  community  of  Alamogordo  are  the  chief  users  of 
fresh  water  in  the  Tularosa  Basin. 

The  city  of  Alamogordo  reportedly  used  1,144  million  gallons 
(3,520  acre-feet)  of  water  per  year  in  the  period  1962-1966. 
Although  water  from  some  sources  contained  more  than  1  g/1 
dissolved  solids,  the  water  delivered  to  the  consumers  usually 
contained  less  than  1  g/1.   About  338  million  gallons  (1,040 
acre-feet)  per  year  was  obtained  by  pipeline  from  Bonito  Lake, 
northeast  of  the  basin.   An  additional  616  million  gallons  (1,890 
acre-feet)  was  obtained  from  developed  springs  in  La  Luz  and  Alamo 
Canyons.   The  remaining  190  million  gallons  (580  acre-feet)  was 
obtained  from  wells  drilled  in  alluvial  fan  deposits  between 
Alamogordo  and  La  Luz. 

Although  the  quality  of  water  in  Bonito  Lake  and  the  Alamo  Canyon 
springs  is  good,  the  supply  of  water  from  these  sources  is  limited. 
Increases  in  demand  in  excess  of  these  supplies  will  be  met  by 
increased  pumping  from  the  La  Luz  wells  which  yield  water  containing 
about  1,500  mg/1  (milligrams  per  liter)  dissolved  solids.   Thus,  the 
quality  of  water  distributed  can  be  expected  to  deteriorate  as  demand 
rises,  until  sources  of  better  quality  water  are  developed. 

Alamogordo  is  now  developing  a  new  source  of  ground  water 
in  alluvial  fans  west  of  the  mouth  of  Grapevine  Canyon,  18  miles 
south  of  the  city.   Plans  now  call  for  the  installation  of  wells 
and  of  a  pipeline  to  the  city  of  Alamogordo. 

Holloman  Air  Force  Base  used  1,480  million  gallons  (4,540 
acre-feet)  of  water  during  1968,  of  which  494  million  gallons 
(1,520  acre-feet)  per  year  was  obtained  from  the  city  of  Alamogordo. 
The  water  obtained  from  Alamogordo  represents  a  mixture  of  water 
from  other  sources  plus  water  from  the  Bonito  Lake  pipeline.   The 
remaining  986  million  gallons  (3,020  acre-feet)  per  year  was  with- 
drawn from  wells  in  the  Boles,  San  Andres,  and  Douglas  well  fields, 
about.  8  miles  south  of  Alamogordo.   As  demand  increases,  wells  are 
being  drilled  south  and  southeast  of  the  older  Boles  well  field. 

White  Sands  Missile  Range  obtains  its  fresh-water  supply  from 
alluvial  deposits  in  the  reentrant  between  the  Organ  and  San  Andres 
mountains  (fig.  2)  and  along  the  mountain  front.   Total  ground 
water  pumpage  in  1967  was  925  million  gallons  (2,840  acre-feet);  in 
1968  it  was  only  800  million  gallons  due  to  abnormally  high  summer 
rainfall. 
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Surface  water  in  the  Tularosa  Basin  is  meager,  but  the  Rio 
Tularosa  east  of  the  community  of  Tularosa  supplies  about  6,880 
acre-feet  per  year  for  irrigation  of  cropland.   About  8, 000 'acres 
are  irrigated  with  the  slightly  saline  surface  water  from  the 
Rio  Tularosa. 


Geologic  units  and  their  water-bearing  properties 

In  the  following  discussion  of  the  geology  of  the  Tularosa 
Basin  rock  types  and  thicknesses  are  taken  from  Pray  (1961)  , 
Kottlowski  and  others  (1956)  and  Kottlowski  (1960),  Otte  (1959), 
and  other  authors,  listed  under  Selected  references.   Classification 
and  nomenclature  conform  to  U.S.  Geological  Survey  standards. 
Hydrologic  and  chemical  data  are  taken  from  Weir  (1965),  Mourant 
(1963),  Cooper  (1965),  Hood  (1956)  (1960)  (1963),  and  observations 
by  the  author.   Figure  2,  adapted  from  Dane  and  Bachman  (1965),  is 
a  geologic  map  showing  surface  geology,  location  of  selected  wells 
and  springs  in  consolidated  rock,  and  altitude  of  the  top  of 
Precambrian  rocks.   West  to  east  and  south  to  north  sections 
(through  the  basin)  are  shown  in  figures  3  and  4. 

Thick  unconsolidated  and  semi-consolidated  deposits  of 
Cenozoic  age  form  the  most  important  aquifers  in  the  Tularosa 
Basin.   A  detailed  study  of  the  origin,  characteristics,  and  mode 
of  deposition  of  these  sediments  would  add  much  to  a  better  under- 
standing of  the  present  hydrology  of  the  basin — such  a  study, 
however,  is  beyond  the  scope  of  this  report  and  the  Cenozoic  deposits 
are  described  only  briefly. 


Consolidated  rocks 

Precambrian  rocks,  the  oldest  in  the  area,  are  not  important 
aquifers  in  the  Tularosa  Basin,  although  small  quantities  of  water 
occur  in  the  fractured  and  weathered  outcrops.   Runoff  from  the 
Precambrian  rocks  generally  is  of  good  chemical  quality  and  normally 
carries  relatively  insoluble  debris  to  alluvial  fans. 

The  most  extensive  exposures  of  rocks  of  Precambrian  age 
(fig.  2)  are  granitic  and  metamorphic  rocks  which  occur  along  the 
east  margin  of  the  Organ  and  San  Andres  Mountains,  in  Mockingbird 
Gap,  and  in  the  Sierra  Oscura.   Two  small  outcrops  of  slightly  met- 
amorphosed shale,  siltstone,  and  fine-grained  quartz  sandstone  of 
Precambrian  age  occur  south  of  Alamogordo  (Pray,  1961,  p.  22-27). 

The  Paleozoic  rocks  older  than  Early  Permian  in  age  consist  of 
finely  crystalline  dolomite  and  limestone,  with  lesser  amounts  of 
sandstone,  siltstone  and  shale.   These  rocks  include  the  following: 
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Geologic  unit 

Bliss  Sandstone 

El  Paso  Limestone 

Montoya  Dolomite 

Fusselman  Dolomite 

Undivided 

Caballero  of  Laudon  and 
Bowsher  (1941),  and  Las 
Cruces ,  and  Rancheria 
Formations  of  Laudon  and 
Bowsher  (1949) 

Lake  Valley  Limestone 

Helms  Formation 

Magdalena  Group 


Age 
Late  Cambrian  and  Early  Ordovician 
Early  Ordovician 
Middle  and  Late  Ordovician 
Middle  Silurian 
Devonian 

Mississippian 


Mississippian 
Mississippian 
Pennsylvanian  and  Early  Permian 


The  total  thickness  of  these  Paleozoic  rocks  exceeds  3,300 
feet  locally  in  the  Sacramento  Mountains,  although  only  about 
2,000  feet  were  encountered  in  the  Southern  Production  Co.  No.  1 
Cloudcroft  Unit  well  (fig.  3).   In  the  San  Andres  Mountains  a  thickness 
of  5,000  feet  of  Paleozoic  rocks  are  exposed,  and  in  the  Franklin 
Mountains  3,400  feet  are  exposed.   In  the  northern  part  of  the  basin, 
1,740  feet  of  Paleozoic  rocks  were  encountered  in  the  Standard  Oil 
Co.  Heard  No.  1  Federal  well  in  sec.  33,  T.  6  S.,  R.  9  E.   Shallow 
ground-water  in  the  outcrop  area  of  the  Paleozoic  contains  less  than 
1  g/1  where  the  water  has  not  migrated  from  Permian  rocks.   The  water' 
in  the  outcrop  area  is  a  calcium  bicarbonate  water.   No  water  samples 
are  available  from  the  Paleozoic  rocks  at  depth  in  the  Tularosa  Basin, 
but  information  from  elsewhere  in  the  Rio  Grande  Basin  and  from  the 
electric  log  of  one  oil  test  well  in  the  Tularosa  Basin  indicates  the 
dissolved-solids  content  may  range  from  3  to  10  g/1.   The  salinity  may, 
however,  exceed  35  g/1  where  water  enters  the  section  from  the  Permian 
rocks. 

Yields  in  the  outcrop  area  are  low,  and  based  on  published 
values  of  average  permeability  (Hogan  and  Sipes,  1966),  a  well 
penetrating  the  Paleozoic  section  would  probably  yield  less  than  100 
gpm  with  a  drawdown  of  500  feet . 
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Runoff  from  the  Paleozoic  rocks  of  the  Sacramento  Mountains 
contains  less  than  1  g/1  dissolved  solids;  part  of  this  runoff 
infiltrates  into  the  alluvial  fans  south  of  Alamogordo  thus 
providing  the  fresh  water  in  these  deposits. 

The  rocks  of  Permian  age  in  the  Tularosa  Basin  include  arkose, 
sandstone,  siltstone,  shale,  limestone,  dolomite,  and  evaporite 
deposits.   The  Permian  rocks  in  the  Tularosa  Basin  include,  from 
oldest  to  youngest,  the  Bursum  Formation,  the  Abo  Formation,  the 
Hueco  Limestone,  the  Yeso  Formation,  the  Glorieta  Sandstone,  and 
the  San  Andres  Limestone. 

The  Bursum  Formation  consists  of  300  to  400  feet  of  shale, 
arkose,  and  limestone  in  the  San  Andres  and  northern  Sacramento 
Mountains.   The  formation  is  generally  very  low  in  permeability. 
A  well  in  Mockingbird  Gap  (sec.  15,  T.  9  S.,  R.  5  E.)  in  a  fractured 
zone  of  the  Bursum  yields  less  than  20  gpm  of  fresh  water.   The 
water  in  the  Bursum  Formation  is  probably  more  saline  at  depth. 

The  Abo  Formation  consists  of  mudstone,  arkose,  and  conglomerate 
with  intertonguing  shales,  limestone,  and  dolomite  to  the  south.   The 
Abo  Formation  is  200  to  500  feet  thick  in  the  Sacramento  Mountains 
near  Alamogordo  and  a  section  1,400  feet  thick  has  been  measured  east 
of  Tularosa  (Otte,  1959,  p.  59).   An  oil  test  in  the  northern  part 
of  the  Tularosa  Basin  (sec.  33,  T.  6  S. ,  R.  9  E.)  encountered  1,410 
feet  of  the  formation.   Water  in  the  outcrop  area  generally  has  a 
salinity  of  1-3  g/1  but  the  quality  deteriorates  with  depth.   The 
northern  clastic  facies  of  the  Abo  Formation  has  very  low  permeability, 
yielding  only  a  few  gallons  per  minute  to  wells  in  fractured  zones. 
The  Hueco  Formation,  apparently  a  southern  marine  facies  of  the  Abo 
Formation,  is  about  1,500  feet  thick  in  the  Hueco  Mountains.   In  the 
San  Andres  Mountains  it  ranges  in  thickness  from  1,360  feet  in  Ash 
Canyon  to  420  feet  in  Rhodes  Canyon.   East  of  the  Hueco  Mountains, 
wells  yield  a  few  gallons  per  minute  for  livestock  but  the  water-bearing 
potential  of  the  Hueco  Formation  is  unknown. 

The  Yeso  Formation  consists  of  sandstone,  gypsum,  halite,  cal- 
careous siltstone,  and  silty  limestones.   In  the  San  Andres  Mountains 
the  thickness  varies  from  320  feet  at  Ash  Canyon  to  1,580  feet  at 
Rhodes  Canyon.   The  Yeso  is  1,200  to  1,800  feet  thick  in  the  southern 
Sacramento  Mountains.   An  unusual  thickness  of  4,260  feet  of  Yeso 
Formation  with  more  than  800  feet  of  halite  occurs  in  the  subsurface 
in  the  northern  part  of  the  basin. 

The  Yeso  Formation  supplies  water  for  stock  and  domestic  wells  in 
the  northern  part  of  the  basin.   The  upper  few  feet  of  the  saturated 
zone  yields  1-3  g/1  calcium  sulfate  type  water,  but  the  salinity  increases 
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with  depth  in  a  well  in  sec.  2,  T.  8  S. ,  R.  8  E.   The  reported 
chloride  content  at  1,260  feet  below  land  surface  was  1,700  mg/1; 
at  1,460  feet  2,000  mg/1;  and  at  2,680  feet  96,000  mg/1. 

Well  yields  in  the  Yeso  are  generally  low,  less  than  5  gpm. 
In  areas  where  fractures  or  solution  channels  occur,  however,  well 
yields  can  be  very  large.   In  sec.  8,  T.  7  S. ,  R.  8  E.  a  well  yielded 
more  than  200  gpm  of  2,920  mg/1  saline  water.   The  Gar ton  well,  an 
old  oil-test  well  that  presently  supports  a  saline  lake  southeast 
(sec.  5,  T.  18  S.,  R.  8  E.)  of  White  Sands  National  Monument  by 
artesian  flow,  reportedly  yielded  1,100  gpm  by  artesian  flow  when 
it  was  drilled.   The  water  has  a  salinity  of  about  10  g/1  and  comes 
from  a  solution  channel  at  892  feet  that  is  assumed  to  be  in  the 
Yeso  Formation. 

The  Glorieta  Sandstone,  which   is  thin  and  discontinuous  throughout 
the  area,  generally  consists  of  10  to  30  feet  of  silty  sandstone.   The 
Glorieta  is  not  an  important  aquifer  in  most  of  the  area,  but  yields 
about  100  gpm  of  fresh  water  from  a  well  in  sec.  32,  T.  8  S.,  R.  5  E. 
The  Hondo  Sandstone  Member  of  the  San  Andres  Limestone,  which  may 
correlate  with  part  of  the  type  Glorieta  (Pray,  1961,  p.  115),  is  less 
than  10  feet  thick  in  the  Sacramento  Mountains . 

The  San  Andres  Limestone,  composed  of  limestone  and  dolomitic 
limestone,  is  about  300  to  600  feet  thick  in  the  Sacramento  Mountains. 
The  formation  is  highly  permeable  east  of  the  report  area  in  the 
Roswell  artesian  basin  where  transmissivities  (cubic  feet  per  dr^  flow 
through  a  section  one-foot  wide  extending  the  full  thickness  of  the  aquifer 
under  a  hydraulic  gradient  of  100  percent)  as  high  as  187,000  ft2/day 
have  been  measured  by  Hantush  (1955).   A  well  west  of  the  Tularosa 
Basin  reportedly  flowed  about  900  gpm  from  the  San  Andres.   In  the 
Tularosa  Basin  the  San  Andres  is  tapped  only  in  the  outcrop  area,  and 
well  yields  are  low. 

The  Dockum  Group  of  Late  Triassic  age  is  exposed  northwest 
and  southwest  of  Carrizozo,  where  locally  it  may  be  as  much  as  500 
feet  thick.   The  Dockum  Group  consists  of  sandstone,  siltstone,  shale, 
and  limestone,  which  yield  small  amounts  of  1  to  3  g/1  saline  water 
to  wells  and  springs  in  the  outcrop  area.   In  sec.  6,  T.  6  S., 
R.  10  E.  and  sec.  1,  T.  6  S. ,  R.  9  E.  irrigation  wells  reportedly 
yield  150  gpm  from  fractured  rocks  of  the  Dockum  Group. 

Rocks  of  Cretaceous  age  include  the  Mesaverde  Group,  the  Mancos 
Shale,  and  the  Dakota  Sandstone.   The  Mesaverde  Group  is  composed 
of  sandstone  and  shale  and  local  coal  beds.   The  thickness  is  as  much 
as  1,000  feet  in  the  basin.   The  formation  is  about  500  feet  thick  in 
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Carrizozo  area,  where  it  is  an  important  aquifer.   Well  yields  of 
850  gpm  have  been  reported,  although  yields  of  150  gpm  or  less  are 
typical.   Most  of  the  water  derived  from  the  Mesaverde  has  a  salinity 
of  1  to  3  g/1.   Underlying  the  Mesaverde  Group  is  the  Mancos  Shale, 
which  is  about  1,200  feet  thick.   The  Mancos  Shale  has  a  very  low 
permeability  and  yields  small  amounts  of  water  to  wells  and  springs  in 
fractured  zones.   The  Dakota  Sandstone  is  about  100  feet  thick  and 
yields  small  quantities  of  1  to  3  g/1  saline  water  to  wells  in  the 
outcrop  area.   East  of  the  area  Mourant  (1963,  p.  26)  reports  wrt.ll 
yields  of  5  to  125  gpm  from  the  Dakota  and  west  of  the  area,  in 
sec.  25,  T.  10  S. ,  R.  1  W. ,  Weir  (1965,  p.  48)  reports  a  flow 
of  200  gpm  from  an  oil-test  well. 


Deposits  of  Cenozoic  age 

The  mountains  bordering  the  Tularosa  Basin  started  to  form 
during  middle  Tertiary  (Miocene)  time.   Strain  (1969)  indicates  that 
basin  filling  had  begun  by  early  Miocene  time;  thus,  some  deposits 
in  the  Tularosa  Basin  may  be  the  time  equivalents  of  the  Ogallala 
Formation.   Streams  flowing  into  the  center  of  the  basin  deposited 
coarse  fans  near  the  mountain  front  and  fine-grained  alluvium  in  the 
center  of  the  basin,  possibly  in  response  to  repeated  uplift,  throughout 
the  Pleistocene  Epoch.   Lacustrine  deposits  are  dominant  in  the  center 
of  the  basin.   Strain  (1966)  states  that  the  formation  of  Lake  Cabeza 
de  Vaca  resulted  in  deposition  of  a  continuous  sheet  of  lacustrine 
deposits  that  merged  the  floors  of  the  Hueco  and  Mesilla  bolsons  by 
early  Pleistocene  time.   The  lake  persisted  until  middle  Kansan 
(Pleistocene  glacial)  time.   During  the  Wisconsin  glaciation,  Lake 
Otero,  the  predecessor  of  Lake  Lucero,  covered  700  square  miles  in  the 
Tularosa  Basin  (herrick,  1904).   These  lacustrine  deposits  may  correlate 
with  the  Fort  Hancock  Formation  of  Strain  (1965)  in  the  southern  Hueco 
Bolson;  the  formation  is  described  by  Strain  (1969)  as  a  Pleistocene 
lacustrine  deposit  composed  of  bentonitic  claystone,  siltstone,  and 
silt  with  layers  and  veins  of  gypsum.   Strain  indicates  this  formation 
may  be  5,000  feet  thick  in  the  southern  Hueco  Bolson.   The  ancestral 
Rio  Grande  apparently  entered  the  study  area  through  the  gap  between 
the  Franklin  and  Organ  Mountains  (Hawley  and  Kottlowski,  1969,  p.  91); 
thus,  fluvial  deposits  of  the  Rio  Grande  may  be  expected  only  in  the 
extreme  southwest  corner  of  the  Tularosa  Basin.   These  deposits  may 
extend  southward  to  the  Hueco  Bolson  where  the  Camp  Rice  Formation 
of  Strain  (1965)  is  a  fluvial  deposit  of  the  Rio  Grande  about  90  feet 
thick  and  composed  of  gravel,  sand,  silt,  volcanic  ash,  and  caliche. 

The  thickness  of  the  Cenozoic  deposits  in  the  Tularosa  Basin 
has  been  determined  by  gravimetric  and  seismic  techniques,  and  by 
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a  few  widely-spaced  test  holes.   Unconsolidated  alluvium  was  en- 
countered to  a  depth  of  1,960  feet  in  the  R.  H.  Earnest  Located 
Land  Co.  No.  1  well  (sec,  20,  T.  25  S.,  R.  7  E.)  and  to  a  total 
depth  of  6,015  feet  in  a  test  hole  drilled  east  of  White  Sands 
Missile  Range  Headquarters.  The  alluvium  may  be  as  much  as  8,000 
feet  thick  at  the  south  end  of  the  basin  and  5,000  feet  thick  south- 
east of  Rhodes  Canyon.   Seismic  and  gravimetric  data  indicate  more 
than  3,000  feet  of  unconsolidated  material  under  lie  the  area  near 
Valmont  siding,  south  of  Alamogordo.   The  thickness  of  the  saturated 
deposits  in  the  Tularosa  Basin  can  be  computed  using  the  water-table 
data  and  altitude  of  the  top  of  the  consolidated  bedrock  portrayed 
by  contours  shown  in  figure  5. 

Well  yields  in  the  Cenozoic  deposits  of  the  Tularosa  Basin  are 
highly  variable,  reflecting  the  nonhomogeneity  of  the  sediments.   It 
is  impossible  to  predict  the  yield  of  any  individual  well,  and  all 
the  estimates  of  potential  yield  are  broad  generalizations  (fig.  6). 

The  maximum  yields  are  obtained  from  wells  drilled  in  coarse 
deposits  high  on  the  alluvial  fans  where  yields  of  more  than 
1,400  gpm  have  been  measured.  Aquifer  transmissivities  as  high  as 
47,000  ft2/day  have  been  determined.   Wells  lower  on  the  alluvial 
fans  yield  300  to  700  gpm  in  aquifers  with  transmissivities  of  1,000 
to  2,000  ft2  /day. 

Little  information  is  available  on  the  yield  of  wells  in  the 
central  part  of  the  basin.   Wells  in  the  basin  east  of  Rhodes 
Canyon  have  very  low  yields  (15  gpm  in  a  well  600  feet  deep)  .   A 
well  drilled  8  miles  east  of  White  Sands  Missile  Range  Headquarters 
produced  740  gpm,  and  a  transmissivity  of  2,640  ft2/day  was  determined 
during  a  pump  test.   Although  the  well  was  developed  in  a  fine  sand, 
most  of  the  alluvial  material  penetrated  was  clay  and  silt. 

The  specific  yield  (the  percent  volume  of  water  that  can  be 
drained  from  a  volume  of  rock  by  gravity)  of  the  upper  part  of  the 
alluvial  fans  is  12  to  15  percent.   The  specific  yield  of  the  lower 
part  of  the  alluvial  fans  has  been  determined  at  8  to  9  percent,  and 
that  of  the  deposits  in  the  central  part  of  the  basin  is  estimated 
to  be  6  percent  or  less. 
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Water-quality  units  and  their  water-supply  potential 

Water  in  the  alluvial  deposits  of  the  Tularosa  Basin  is  freshest 
near  the  mountain  front  and  generally  increases  in  salinity  with 
distance  from  the  mountain  front  and  with  depth. 

Water  entering  the  alluvial  fans  has  acquired  dissolved  solids 
from  the  runoff  area.    Additional  minerals  are  dissolved  as  the  water 
moves  through  the  fans.   Fresh  water  of  calcium  magnesium  bicarbonate 
type  occurs  where  bedrock  is  igneous  and  the  alluvial  fans  are  composed 
of  detritus  from  igneous  rocks.   In  areas  where  the  bedrock  and  alluvial 
deposits  are  moderately  soluble  limestones  and  dolomites,  the  water  in 
the  alluvial  fans  is  a  relatively  fresh  calcium  bicarbonate  type. 
Alluvial  fans  which  receive  runoff  from  areas  underlain  by  soluble 
evaporite  deposits  contain  water  high  in  calcium  sulfate  and  sodium 
chloride. 


Fresh-water  unit 

Fresh  water,  defined  as  containing  less  than  1,000  mg/1  dissolved 
solids  (Krieger  and  others,  1957,  p.  4),  occurs  at  several  locations 
in  the  Tularosa  Basin  (fig.  7) .   Two  large  areas  of  considerable  import- 
ance occur  in  the  alluvial  fans  south  of  Alamogordo  and  adjacent  to  the 
southern  San  Andres  Mountains  extending  southward  beyond  the  New  Mexico- 
Texas  State  line. 

The  fresh  water  south  of  Alamogordo  extends  a  maximum  distance 
of  8  miles  west  of  the  mountain  front  and  south  of  the  Alamo  Canyon 
alluvial  fan  to  about  10  miles  south  of  Grapevine  Canyon  (fig.  7). 
The  fresh  water  zone  has  a  thickness  of  at  least  1,200  feet  adjacent 
to  the  mountain  front  about  8  miles  south  of  Alamogordo  and  thins  to 
an  irregular  edge  westward. 

Holloman  Air  Force  Base  withdrew  about  986  million  gallons 
(about  3,020  acre-feet)  from  this  fresh  ground-water  body  during 
1968.   Scattered  stock,  domestic,  and  irrigation  wells  withdraw 
less  than  200  acre-feet  per  year.   An  estimated  37  million  acre-feet 
of  fresh-water-bearing  alluvium  lies  in  the  region  between  Alamogordo 
and  a  locality  about  10  miles  south  of  Grapevine  Canyon.   The  specific 
yield  of  the  deposits  has  been  determined  at  8  to  9  percent  in  the  Boles 
well  field,  6  miles  south  of  Alamogordo,  and  estimated  at  12  percent 
in  the  San  Andres  well  field,  8  miles  south  of  Alamogordo.   Thus 
about  3  to  4  million  acre-feet  of  water  may  be  present  in  this 
zone.   The  water  requirements  of  the  city  of  Alamogordo  may  reach 
13,300  acre-feet  per  year  by  1990  (McMorries,  1967,  p.  24)  of  which 
only  about  2,930  acre-feet  will  be  supplied  by  the  Bonito  Lake 
pipeline  and  the  springs.   The  remainder  probably  would  be  supplied 
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by  pumping  from  the  fresh-water  zone.   Much  of  this  fresh  water 
has  a  salinity  less  than  500  mg/1  and  could  be  blended  with  saline 
water  to  minimize  the  overdraft  of  the  fresh-water  zone. 

Additional  test  wells  are  needed  to  define  adequately  the 
extent  and  thickness  of  the  fresh-water  zone,  particularly  in  the 
Grapevine  Canyon  area. 

The  other  and  larger  fresh-water  body  in  the  Tularosa  Basin 
which  lies  adjacent  to  the  San  Andres,  Organ,  and  Franklin  mountains 
from  near  Ash  Canyon  on  the  north  to  the  Texas  border  on  the  south 
is  continuous  with  the  fresh-water  body  in  the  Hueco  Bolson  in  Texas. 
Water  from  the  fresh-water  zone  in  New  Mexico  is  used  by  White  Sands 
Missile  Range.   This  zone  has  a  maximum  thickness  of  about  1,800  feet 
in  the  White  Sands  Missile  Range  Headquarters  area.   An  area  of  over 
400  square  miles  east  of  the  San  Andres,  Organ,  and  Franklin  mountains 
in  New  Mexico  is  underlain  by  fresh-water-bearing  alluvium  containing 
an  estimated  7  million  acre-feet  of  fresh  water.   Knowles  and  Kennedy 
(1958)  estimated  that  6.2  million  acre-feet  of  fresh  water  is  ,  , 

theoretically  recoverable  in  the  part  of  the  Hueco  Bolson  in  New  Mexico— 

Sayre  and  Livingston  (1945,  p.  29)  measured  specific  yields  of 
35  percent  (in  the  laboratory)  for  sand  samples  from  basin  deposits. 
They  estimated  that  the  specific  yield  of  basin  deposits  in  the  El  Paso 
well  field  (in  the  Hueco  Bolson  south  of  the  New  Mexico-Texas  border) 
was  17  percent.   A  specific  yield  of  15  percent  has  been  measured  for 
the  deposits  in  the  reentrant  between  the  Organ  and  San  Andres 
mountains  (Herrick,  1960a,  p.  98)  where  the  White  Sands  Missile  Range 
Headquarters  is  withdrawing  water  at  the  rate  of  about  2,800  acre-feet 
per  year  from  the  fresh-water  zone. 


Saline-water 

1-3  g/1  unit 

Water  in  the  1  to  3  g/1  salinity  range  occurs  throughout  much  of 
the  basin  as  a  transitional  unit  between  the  fresh  water  adjacent  to 
mountain  fronts  and  the  more  saline  water  lying  in  the  central  part  of 
the  basin  and  beneath  the  fresh  water. 


1/   Knowles  and  Kennedy  defined  fresh  water  as  water  containing 
less  than  250  parts  per  million  chloride,  and  estimated  that  the 
volume  of  water  present  west  of  the  100-foot  contour  line  on  their 
plate  11  was  theoretically  recoverable. 
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This  zone  varies  greatly  in  thickness,  but  appears  to  be  at 
least  250  feet  thick  northeast  of  White  Sands  Missile  Range  Head- 
quarters and  in  the  central  part  of  Tularosa  Basin  near  the  Texas 
border.   Near  Newman  the  zone  may  be  500  feet  thick,  but  the  data 
are  sparse  (fig.  8). 

The  largest  volume  of  1-3  g/1  saline  water  occurs  in  the 
alluvial  deposits  adjacent  to  the  mountain  front  near  Tularosa. 
About  16,000  acre-feet  of  this  water  was  used  in  1968  for  irrigation 
of  about  4,500  acres  near  the  community  of  Tularosa.   The  water  is 
predominantly  a  calcium  sulfate  type. 

Approximately  360  million  acre-feet  of  basin  deposits  are 
saturated  with  1-3  g/1  saline  water. 


3-10  g/1  unit 

Information  on  the  thickness  of  the  3  to  10  g/1  saline-water 
unit  is  sparse.   In  the  southwestern  part  of  the  basin  this  unit 
is  generally  less  than  250  feet  thick,  although  it  may  be  thicker 
along  the  eastern  side  of  the  basin  (fig.  9).   Shallow  stock  wells 
in  the  northern  part  of  the  basin  indicate  that  1  to  3  g/1  water  is 
present,  at  least  to  a  shallow  depth,  throughout  much  of  the  north- 
central  part  of  the  basin.   The  unusual  thickness  in  the  Alamogordo 
area  is  part  of  the  transitional  zone  between  the  fresher  water 
adjacent  to  the  mountain  front  and  the  more  saline  water  in  the 
central  basin. 

Malpais  Spring  (sec.  8.  T.  12  S. ,  R.  7  E.),  which  emerges  from 
basalt  at  the  southwestern  edge  of  the  lava  flow,  discharged  565  gpm 
in  June  1969.   In  August   1969  the  spring  flow  was  220  gpm,  indicating 
a  high  seasonal  variation.   Herrick  and  others  (1960)  reported  a  flow 
of  more  than  1,000  gpm;  and  Weir  (1965,  p.  61)  reported  an  estimated 
flow  of  1,500  gpm  of  3  to  10  g/1  saline  water  in  June  1955. 

Flow  in  Salt  Creek  (fig.  9)  in  June  of  1969  was  less  than 
250  gpm  of  3  to  10  g/1  saline  water.   Herrick  and  others  (1960) 
report  a  flow  of  about  450  gpm. 

The  volume  of  water  in  the  3  to  10  g/1  unit  is  probably  of 
the  same  order  of  magnitude  as  that  in  the  1  to  3  g/1  unit,  but  a 
better  definition  of  the  volume  of  saline  water  in  this  range  must 
await  additional  test  drilling. 

The  predominant  ions  in  the  3  to  10  unit  vary  widely,  so  that 
the  water  in  different  areas  may  be  any  of  the  following  types: 
sodium  chloride,  calcium  chloride,  sodium  sulfate,  calcium  sulfate, 
and  calcium  magnesium  sulfate. 
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10-35  g/1  unit 

The  10  to  35  g/1  saline-water  unit  extends  throughout  the 
central  part  of  the  basin  (fig.  10).   This  zone  has  been  encountered 
beneath  less  saline  water  at  depths  of  500  to  1,000  feet  in  the 
southern  part  of  the  basin  and  a  few  wells  in  the  northern  part 
of  the  basin  yield  10-35  g/1  water  at  shallow  depths. 

The  water  in  this  quality  range  is  a  sodium  chloride  type, 
with  secondary  amounts  of  calcium  sulfate. 

The  quantity  of  water  in  this  zone  is  unknown,  but  may  be  of 
the  same  order  of  magnitude  as  that  in  the  1  to  3  g/1  or  3  to  10 
g/1  saline-water  zones. 


Brine  unit 

An  estimated  98  percent  of  the  alluvial  deposits  in  the  Tularosa 
Basin  contains  sodium  chloride  brines  with  dissolved-solids  content 
greater  than  35  g/1.   In  a  test  hole  drilled  4  miles  east  of 
White  Sands  Missile  Range  Headquarters  (sec.  15,  T.  22  S.,  R.  5  E.) 
over  4,000  feet  of  the  6,015  feet  of  deposits  penetrated  by  the  well 
contained  brine.   The  brine  reached  a  maximum  concentration  of 
112,000  mg/1  from  2,590  to  3,700  feet  below  the  surface.   The 
salinity  of  the  deeper  samples  ranged  from  44,300  to  52,800  mg/1. 

Brine  also  occurs  at  shallow  depths  beneath  the  dry  lakes  in 
the  central  part  of  the  basin. 

No  information  is  available  on  the  yield  of  wells  developed  in 
the  brine  zone.  Playa  deposits  are  virtually  impermeable;  however, 
unconsolidated  deposits  near  the  playas  may  yield  water  to  wells. 
In  the  test  hole  drilled  to  6,015  feet,  only  25  percent  of  the  section 
to  a  depth  of  5,200  feet  contained  a  predominance  of  sand-sized  grains. 
The  section  below  5,200  feet  contained  mostly  sand,  and  might  produce 
large  quantities  of  water.   Kunkler  (written  communication,  1969) 
believes,  on  the  basis  of  geophysical  logs  and  water  samples,  that 
playa  deposits  containing  halite  beds  were  encountered  from  2,790  to 
3,015  feet  in  the  test  hole. 
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Water-supply  potential  of  selected  areas 

Four  areas  in  the  Tularosa  Basin  were  studied  in  more  detail 
to  provide  the  information  on  saline-water  resources  used  in  a 
companion  report  (Stucky  and  others,  in  preparation).   These  are 
areas  in  which  a  demand  for  desalted  water  may  develop  or  areas 
where  large  quantities  of  saline  water  may  exist. 


Alamo go r do 

The  Alamogordo  area,  as  defined  in  this  report,  consists  of 
parts  of  the  Escondido  Canyon,  Tres  Hermanos,  Holloman  and  Alamogordo 
topographic  map  quadrangles,  and  contains  Holloman  Air  Force  Base 
Headquarters  and  the  communities  of  Alamogordo  and  La  Luz  (fig.  11). 

The  only  information  available  on  the  consolidated  rocks  under- 
lying alluvial  deposits  in  the  area  has  been  obtained  from  scattered 
oil  test  wells  in  the  western  part  of  and  south  of  the  area. 

Plymouth  Oil  Company,  Evans  No.  1  Federal  (sec.  15,  T.  20  S.,  R.  9  E.) 

This  well  penetrated  690  feet  of  unconsolidated  alluvial  fill 
and  bottomed  at  a  depth  of  7,585  feet  in  the  lower  third  of  the 
El  Paso  Limestone  (Kottlowski  and  others,  1956,  p.  81-82).   Assuming 
a  thickness  of  420  feet  for  the  El  Paso  Formation,  and  110  feet  for 
the  underlying  Bliss  Sandstone,  about  7,100  feet  of  consolidated 
rocks  underlie  the  unconsolidated  alluvial  deposits.   An  analysis 
of  the  spontaneous  potential  curve  on  the  electric  log  of  the  well 
indicates  most  of  the  water  in  this  well  has  a  salinity  of  3  to  10  g/1. 

Phillips  Petroleum  Company,  Turquoise  No.  1  (sec.  18,  T.  20  S. ,  R.  9  E.) 

This  well  reportedly  penetrated  many  igneous  sills.   A  slight 
show  of  water  was  reported  from  limestone  at  a  depth  of  260  feet, 
and  25  barrels  of  water  per  hour  (13  gpm)  was  reported  from  an 
igneous  sill  at  a  depth  of  1,066  feet.   Igneous  rocks  were  penetrated 
from  a  depth  of  1,066  feet  to  a  total  depth  of  5,436  feet. 

Sun  Oil  Company,  T.  J.  Pearson  No.  1,  (sec.  35,  T.  20  S.,  R.  10  E.) 

The  total  depth  of  this  well  was  4,468  feet.   The  Montoya 
Dolomite  was  penetrated  at  4,390  feet  (Kottlowski  and  others,  1956, 
p.  82).   Assuming  a  thickness  of  225  feet  for  the  Montoya  Dolomite, 
420  feet  for  the  El  Paso  Limestone,  and  110  feet  for  the  Bliss  Sand- 
stone, approximately  5,140  feet  of  consolidated  rock  overlies  the 
Precambrian  in  this  area.   No  data  are  available  on  the  quality  of 
water  in  this  well. 
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Shows  altitude  of  the  top  of  consolidated  bedrock.   Cc  I   i    tcrval 
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Boundary  of  alluvial  deposits  (adapted  from  Dane  and  Bachman,  1965, 
Geologic  Map  of  New  Mexico,  scale  1:500.000). 

Figure  11. --Map  of  the  Alamogordo  area    showing  altitude  of  the  water 
table  and  altitude  of  the  top  of  consolidated  bedrock. 
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Garton  well  (sec.  5,  T.  18  S.,  R.  8  E.) 

This  well  penetrated  783  feet  of  basin  deposits  and  a  sequence 
of  shale  and  limestone  to  a  depth  of  989  feet.   Artesian  flow  from 
a  cavity  at  depths  of  889  to  892  feet  currently  (1969)  supports  a 
two-acre  lake.   The  dissolved-solids  content  of  water  from  the  Garton 
well  is  reported  to  have  been  8,406  mg/1  in  1926;  7,580  mg/1  in  1929; 
9,111  mg/1  in  1934;  and  10,240  mg/1  in  1964.   The  reported  water 
temperature  was  36°C  in  1937  and  33°C  in  1965.   The  flow  rate 
reportedly  decreased  from  1,100  gpm  in  1926  to  less  than  10  gpm 
in  1968  after  the  casing  was  pulled,  and  an  attempt  was  made  to 
plug  the  hole. 

Although  the  data  a'rove  are  rather  sparse,  they  indicate  that 
large  quantities  of  water  in  the  3-10  g/1  range  might  be  otained 
from  the  carbonate  rocks  underlying  the  alluvial  fill  in  the 
Alamogordo  area;  however,  too  few  wells  have  been  drilled  to 
adequately  test  the  yield  of  these  rocks  or  the  quantity  of  water 
available. 

All  of  the  ground-water  pumpage  in  the  Alamogordo  area  is 
obtained  from  unconsolidated  alluvial  deposits  immediately  west 
of  the  Sacramento  Mountains  escarpment.   The  altitude  of  the  base 
of  the  unconsolidated  alluvium  (fig.  11)  has  been  determined  from 
gravity,  seismic,  and  test-well  data.   Gravity  data,  supplied  by 
Robert  Mattick  (written  communication,  1967),  has  been  adjusted  for 
assumed  variation  in  density  of  the  alluvial  fans.   Seismic  profiles, 
also  supplied  by  Mattick,  were  used  with  a  preliminary  plot  of 
recent  seismic  profiles  (written  communication,,  William  L\  Shaffer) 
made  on  Holloman  Air  Force  Base. 

Well  yields  in  the  Alamogordo  area  are  as  high  as  1,400  gpm 
(produced  from  a  well  in  sec.  32,  T.  17  S. ,  R.  10  E. ,  during  test 
pumping) .   Measured  specific  capacities  of  walls  in  the  area  range 
from  0.8  to  16.8  gpm/ft  (gallons  per  minute  per  foot  of  drawdown). 
Transmissivities  determined  from  pump  tests  in  the  Boles  and  San 
Andres  well  fields  (8  miles  south  of  Alamogordo)  ranged  from 
177  ft2/day  to  21,800  ft2/day.   The  yields  of  wells  in  the  alluvial 
deposits  are  highly  variable,  but  in  general  the  highest  yields  are 
obtained  from  fan  deposits  near  the  Sacramento  Mountains  escarpment 
(fig.  12).   The  lowest  yields  are  obtained  from  the  fine-grained 
deposits  in  the  basin  west  of  the  alluvial  fans. 

Water  containing  less  than  1  g/1  occurs  in  a  wedge  along  the 
mountain  front  south  of  Alamogordo.   Over  1,200  feet  of  deposits 
saturated  with  fresh  water  were  encountered  in  a  test  well  drilled 
near  the  mouth  of  San  Andres  Canyon  (sec.  32,  T.  17  S. ,  R.  10  E.). 
Fresh  water  is  also  found  in  stock  wells  between  San  Andres  Canyon 
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Figure  12. --Map  of  the  Alamogordo  area    showing  estimated  potential 
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and  Grapevine  Canyon  (south  of  the  Alamogordo  area).   The  city  of 
Alamogordo  reportedly  has  found  fresh  water  in  test  wells  drilled 
near  the  mouth  of  Grapevine  Canyon.   The  fresh-water  wedge  thins 
westward  to  about  200  feet  near  Highway  54.   Samples  obtained 
from  the  fresh-water  zone  are  of  the  calcium  magnesium  sulfate  type. 
The  reported  temperatures  of  water  samples  range  from  20°C  to  24 °C. 

Ground  water  of  1-3  g/1  salinity  occurs  in  unconsolidated 
deposits  south  of  Alamogordo  as  a  transitional  zone  underlying 
and  west  of  the  fresh-water  zone  (fig.  13).   Near  the  mouth  of 
San  Andres  Canyon  (fig.  14),  1-3  g/1  water  is  encountered 
at  a  depth  of  about  1,500  feet  and  extends  to  about  2,000  feet 
below  the  land  surface.   One-half  mile  west  of  Highway  54, 
the  1-3  g/1  unit  occurs  at  a  depth  of  about  150  feet  and  3-10  g/1 
water  is  encountered  in  a  300-foot  test  well  2  miles  west  of 
Highway  54 . 

South  of  Alamogordo  a  shallow  zone  of  1-3  g/1  saline 
water  locally  overlies  the  fresh-water  zone.   Infiltration  of  water 
from  this  shallow  zone  may  have  caused  the  city  of  Alamogordo  to 
abandon  two  public-supply  wells. 

North  of  Alamogordo,  from  the  Sacramento  Mountains  west  to 
about  106 °07'  longitude,  all  wells  in  the  area  from  which  water 
samples  have  been  collected  yield  1-3  g/1  saline  water. 

The  water  in  the  1-3  g/1  zone  in  the  Alamogordo  area  is 
predominantly  a  calcium  sulfate  type,  with  the  exception  of  a 
sodium  sulfate  type  water  obtained  from  a  depth  of  between 
1,624  and  1,842  feet  near  the  mouth  of  San  Andres  Canyon.   Reported 
temperatures  of  water  samples  range  from  19 °C  to  24 °C. 

Ground  water  of  3-10  g/1  salinity  is  produced  from  scattered 
stock  wells  south  and  west  of  Alamogordo  and  in  some  wells  in  and 
near  Alamogordo.   An  old  test  well,  about  a  mile  west  of  Alamogordo 
(sec.  26,  T.  16  S. ,  R.  9  E.),  was  drilled  to  1,004  feet  and  produced 
water  containing  3,049  mg/1  (Meinzer  and  Hare,  1915,  p.  289). 
Figure  15  shows  the  presumed  thickness  of  deposits  saturated  with 
3-10  g/1  saline  water.   The  predominant  anion  is  sulfate,  but  the 
predominant  cation  varies  from  sample  to  sample.   The  reported 
temperatures  of  samples  range  from  18°C  to  19°C. 

Ground  water  of  10-35  g/1  salinity  (fig.  16)  was  collected 
from  two  wells  on  Holloman  Air  Force  Base.   A  sample  from  a  shallow 
well  in  sec.  23,  T.  17  S.,  R.  9  E. ,  contained  about  11,000  mg/1 
and  a  sample  from  a  depth  of  160  feet  in  a  well  in  sec.  13,  T.  17  S., 
R.  8  E.  contained  32,000  mg/1.   The  samples  were  a  calcium  magnesium 
sulfate  and  a  sodium  chloride  type.   Meinzer  and  Hare  (1915,  p.  293) 
obtained  a  water  sample  with  a  salinity  of  11,640  mg/1  from  a  well 
62  feet  deep  in  sec.  13,  T.  17  S.  ,  R.  9  E. 


32 


WEST 


EAST 


5000-1 


4500- 


4000- 


3500- 


3000 


2500 


2000- 


500- 


1000- 


500-1 


Note!        Location 
of    section  C-C 
is    shown  on 
figure    2. 


r-5000 


-4500 


■4000 


-3500 


-3000 


-2500 


-2000 


1500 


-1000 


L-  500 


I 


4  MILES 


Vertical    exaggeration   1 1.5!  I 
Datum  is  mean  sea  level 


EXPLANATION 


S 


Isosaline    lines 


3-10 


Range   of  dissolved    solids 
in  water- quality  units,  in 
grams  per  liter. 

Figure    13. --Diagrammatic    section     C-C'    in   the   vicinity     of     San  Andres 
Canyon  south   of    Alamogordo   showing  water- quality   units. 
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Figure  1*4. --Map  of  the  Alamogordo  area  showing  altitude  and  thickness 
of  the  1-3  g/1  saline-water  unit. 
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Figure  15-~~Map  of  the  Alamogordo  area    showing  altitude  and  thickness 
of  the  3 ~ 1 0  g/1  saline-water  unit. 
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Boundary  of  alluvial  deposits  (adapted  from  Dane  and  Bachman,  1965,  Geologic 
Map  of  New  Mexico,  scale:  1:500,000). 

Figure  16. --Map  of  the  Alamogordo  area    showing  altitude  and  thickness 
of  the  10-35  g/l  saline-water  unit. 
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One  well  in  sec.  13,  T.  17  S. ,  R.  8  E. ,  at  Holloman  Air  Force 
Base  Headquarters  produced  brine  with  a  salinity  of  50,300  mg/1 
from  a  depth  of  110  feet.   This  sodium-chloride  type  brine  may  be 
associated  with  a  structural  zone  indicated  on  seismic  profiles  in 
the  Headquarters  area  that  may  have  caused  local  ponding  and  evapo- 
ration of  runoff. 

Water  with  a  wide  range  of  salinity  is  present  in  the 
Alamogordo  area — from  fresh  calcium  magnesium  sulfate  water  near 
the  mountain  front  to  sodium  chloride  brines  at  Holloman  Air  Force 
Base  Headquarters. 


Tularosa 

The  Tularosa  area,  as  defined  in  this  report,  consists  of  the 
Tularosa  and  part  of  the  Mescalero  topographic  map  quadrangles 
(fig.  17).   This  area  includes  the  community  of  Tularosa  and  sur- 
rounding farmland.   Saline  ground  water  is  used  extensively  for 
irrigation  in  the  Tularosa  area.   In  1969,  120  irrigation  wells 
produced  about  14,000  acre-feet  of  1-3  g/1  saline  water  from  uncon- 
solidated alluvial  deposits  west  of  the  Sacramento  Mountains. 

The  altitude  of  the  top  of  consolidated  bedrock  (fig.  17) 
was  inferred  from  a  gravity  survey  with  widely  spaced  lines  made 
in  November  and  December  1968  by  the  author.   This  survey  gives 
an  approximate  indication  of  the  alluvial  thickness  and  bedrock 
configuration.   A  trough  which  may  contain  3,000  feet  of  alluvial 
deposits  parallels  the  front  of  the  Sacramento  Mountains.   The 
alluvial  deposits  thin  westward  to  Round  Mountain  where  bedrock 
is  exposed.   West  of  Round  Mountain  the  deposits  thicken  toward  the 
central  part  of  the  basin.   The  exact  configuration  of  the  bedrock 
or  the  thickness  of  the  alluvium  cannot  be  determined  without  test 
drilling,  coupled  with  a  detailed  seismic  and  gravity  survey. 

Figure  17  shows  the  altitude  of  the  top  of  the  saturated  zone. 
The  water  table  slopes  from  the  mountain  front  to  the  basin,  but 
the  generally  even  gradient  is  altered  locally  by  recharge  to 
alluvial-fan  deposits  from  the  Rio  Tularosa  and  intermittent 
streams  and  to  a  greater  degree  by  discharge  from  wells  west  of 
Tularosa. 

The  yields  of  wells  in  the  Tularosa  area  are  highly  variable 
(fig.  18)  and  range  from  less  than  100  gpm  to  more  than  1,200  gpm. 
The  highest  yields  are  from  wells  near  the  Rio  Tularosa,  where 
well  sorted  sand  lenses  occur. 
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Boundary   of    alluvial    deposits    (adapted    from    Dane   and    Bachman,    19&5, 
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Figure    17-~~Map  of    the   Tularosa   area    showing   altitude   of    the    top   of 


consolidated    bedrock   and    altitude   of   water    table. 
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Well  yields  in  the  area  average  about  500  gpm.   Specific 
capacities  of  wells  range  from  2.1  to  16  gpm/ft  and  average  5.5 
gpm/ft.   Two  aquifer  tests  in  the  area  gave  transmissivities  of 
2,100  ft2/day  and  4,200  ft2/day. 

Information  on  well  yield  is  sparse  west  of  the  White  Sands 
Missile  Range  boundary.   Finer  grained  deposits  are  present  in  the 
area,  and  it  seems  likely  that  a  well  500  feet  deep  completed  in 
these  sediments  would  yield  less  than  300  gpm. 

Little  information  is  available  on  the  yield  of  wells  deeper 
than  500  feet.   The  two  deep  wells  in  the  area  do  not  have  significantly 
higher  yields  than  wells  500  feet  deep.   Poor  construction  may  be 
responsible  for  the  lower  yields,  however. 

Ground  water  of  less  than  1  g/1  salinity  has  not  been  found  in 
the  Tularosa  area.   It  seems  unlikely  that  any  will  be  found  because 
the  salinity  of  water  entering  the  alluvial  deposits  from  the  Rio 
Tularosa  and  other  streams  exceeds  1  g/1. 

Nearly  all  the  wells  drilled  west  of  the  Sacramento  Mountains 
and  east  of  Round  Mountain  have  encountered  1-3  g/1  saline  water 
(fig.  19).   Electric  logs  of  a  2,000-foot  test  hole  in  sec.  26,  T.  14  S., 
R.  9  E.  indicate  this  water-quality  unit  may  be  over  2,000  feet  thick; 
also  a  well  1,440  feet  deep  in  sec.  19,  T.  14  S. ,  R.  10  E.  has  a  salinity 
of  about  1,600  mg/1.   The  water  in  this  unit  is  primarily  a  calcium 
sulfate  type.   Temperatures  of  water  samples  reportedly  range  from  15°C 
to  23°C. 

The  3-10  g/1  unit  probably  exists  as  a  transition  zone  lying 
west  of  and  beneath  the  1-3  g/1  unit  (fig.  20).   The  thickness  of 
this  unit  cannot  be  determined  without  test  drilling.   Chemical  analyses 
from  four  wells  and  one  spring  indicate  the  water  varies  between  a 
calcium  sulfate  and  sodium  chloride  type. 

No  wells  yielding  more  than  10  g/1  water  are  known  in  the 
Tularosa  area;  however,  such  water  probably  exists  west  of  and  beneath 
the  3-10  g/1  unit.   Test  drilling  on  part  of.  the  White  Sands  Missile 
Range  would  be  required  to  determine  the  extent  and  thickness  of  this 
water-quality  unit  in  the  area. 


Carrizozo 

The  Carrizozo  area,  for  the  purposes  of  this  report,  includes 
all  or  part  of  the  following  topographic  map  quadrangles:   Carrizozo, 
Chihuahua  Ranch,  Capitan,  Broken  Back  Crater,  and  Little  Black  Peak 
(fig.  21). 
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Boundary    of    alluvial    deposits    (adapted    from    Dane   and    Bachman,    1965, 
Geologic    Map    of    New   Mexico,    scale:     1:500,000). 

Figure    19---Map  of    the   Tularosa    area    showing   altitude   and    thickness 
of    the    1-3    g/l    saline-water    unit. 
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Boundary   of    alluvial    deposits    (adapted    from    Dane    and    Bachman,    19&5, 
Geologic    Map   of    New   Mexico:     scale    1:500,000). 

Figure    20. --Map  of    the   Tularosa   area    showing    altitude   and    thickness 
of    the    3-10   g/1    saline-water    unit. 
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/Dissolved  solids  content 
Depth  of  well,  in  feet^^        /    of  water  in  milligrams  per  liter. 
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- — 5400 " 

Water-table  contour 
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Contour  interval  100  feet.   Datum  is  mean  sea  level. 


(adapted  from  Dane  and  Bachman,  1965,  GeCtTJi  i  c  Map  of  New  Mexico,  scale  1:500,000) 

Figure  21. --Map  of  the  Carrizozo  area  showing  altitude  of  the  water  table,  and 
location  of  selected  wells  in  alluvium. 
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The  saline-water  resources  of  the  Carrizozo  area  are  limited 
and  little  used.   Irrigation  from  ground-water  sources  in  the  area 
is  limited.   The  largest  withdrawals  are  from  wells  in  sees.  13  and 
14,  T.  8  S.,  R.  10  E.  that  supply  about  300  gpm  to  the  community 
of  Carrizozo. 

The  principal  aquifers  are  alluvial  deposits  of  Quaternary  age 
and  the  underlying  rocks  of  Cretaceous  age.   The  Dockum  Group  of 
Triassic  age,  and  the  Yeso  Formation,  San  Andres  Limestone  and 
Glorieta  Sandstone  of  Permian  age  yield  small  quantities  of  water 
to  wells  in  the  western  part  of  the  Carrizozo  area  and  west  of 
the  area. 

The  Mesaverde  Group  of  Cretaceous  age  underlies  much  of  the 
area  near  Carrizozo.   Wells  in  sees.  13  and  14,  T.  8  S.,  R.  10  E., 
which  supplement  water  piped  from  Bonito  Lake  to  the  community 
of  Carrizozo  during  the  summer,  probably  produce  water  from  the 
Mesaverde  Group  (fig.  22).   These  wells  reportedly  yield  850  gpm 
when  pumping  begins  in  May,  but  possibly  owing  to  a  decrease  in 
saturated  thickness  and  interference  between  wells,  yields  decline 
to  150  gpm  or  less  in  August  and  September. 

The  surface  deposits  in  much  of  the  Carrizozo  area  consist 
of  poorly  sorted  alluvial  sediments  generally  less  than  200  feet 
thick.   Where  saturated,  the  alluvial  deposits  yield  as  much  as 
500  gpm  to  wells.   A  well  in  sec.  8,  T.  8  S.,  R.  10  E.,  reportedly 
yields  250  gpm  from  a  saturated  alluvial  thickness  of  less  than 
30  feet.   A  well  drilled  recently  in  sec.  6,  T.  8  S.,  R.  11  E.  , 
yields  240  gpm  with  a  drawdown  of  30  feet  from  saturated  deposits 
57  feet  thick  (fig.  21). 

Generally,  well  yields  range  from  a  few  gallons  per  minute 
from  stock  wells  and  springs  to  several  hundred  gallons  per  minute 
from  municipal  supply  or  irrigation  wells  during  test  pumping. 
Yields  of  wells  500  feet  deep  or  less  and  completed  in  either 
deposits  of  Quaternary  age  or  in  Cretaceous  rocks,  or  both,  probably 
would  not  exceed  150  gpm  per  well.   Cooper  (1965)  estimates  that 
about  20,000  acre-feet  per  year  of  1-3  g/1  saline  water  could  be 
obtained  from  the  Carrizozo  area.   Information  on  yields  from 
pre-Cretaceous  rocks  in  the  area  is  too  sparse  to  estimate  their 
potential  as  aquifers. 

Nearly  all  the  wells  in  the  Carrizozo  area  are  completed 
to  a  depth  of  300  feet  or  less.   In  almost  every  instance  these 
wells  yield  water  containing  1  to  3  g/1  dissolved  solids.   The 
exceptions  are  a  group  of  shallow  wells  reported  by  Meinzer  and 
Hare  (1915)  in  sees.  2  and  6,  T.  8  S.,  R.  10  E.,  and  a  well  in 
sec.  34,  T.  7  S.,  R.  10  E.   Water  from  these  wells  ranged  from 
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5600 
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Dashed  where  approximately  located.   Contour  interval  100  feet.   Datum  is  mean  sea  level 


Boundary  of  alluvial  deposits 
(adapted  from  Dane  and  Bachman,  1965,  Geologic  Map  of  New  Mexico:  scale  1:500,000) 

Figure  22. --Map  of  the  Carrizozo  area  showing  altitude  of  the  top  of  Cretaceous  rocks,  and  location 
of  wells  in  consolidated  rocks. 
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3,171  to  6,935  mg/1  salt  content.   Meinzer  and  Hare  report  fresh 
water  from  a  shallow  well  in  sec.  13,  T.  8  S.,  R.  12  E.  and  from 
a  well  drilled  by  the  Southern  Pacific  Railroad  to  a  depth  of 
1,125  feet  in  sec.  2,  T.  8  S.,  R.  10  E.   The  railroad  well 
reportedly  yielded  water  containing  762  mg/1  dissolved  solids. 

Shallow  water  in  the  area  is  primarily  a  calcium  sulfate 
type.   Sodium  chloride  type  water  probably  is  present  at  depth. 
Reported  ground-water  temperatures  in  the  area  range  from  16.7°C 
to  20.0°C. 


Western  margin  of  the  Tularosa  Basin 

The  western  margin  of  the  Tularosa  Basin,  as  defined  in  this 
report,  extends  from  Sweetwater  Creek  and  Rhodes  Canyon  on  the 
north  through  Lake  Lucero  to  White  Sands  Missile  Range  Headquarters 
on  the  south  (fig.  23). 

Rocks,  Precambrian  through  Tertiary  in  age,  yield  a  few  gallons 
per  minute  to  wells  and  springs  in  the  western  part  of  the  area.   The 
most  important  and  widely  used  aquifer  in  the  area  is  the  alluvium  in 
the  eastern  part  of  the  area,  middle  Tertiary  to  Holocene  in  age. 

The  alluvial  deposits  in  the  area  occur  as  a  veneer  overlying 
the  San  Andres  and  Organ  Mountain  pediments  and  as  very  thick  fill 
east  of  the  pediments.   A  test  hole  in  the  NW^E^E%  sec.  15, 
T.  22  S.,  R.  5  E.,  four  miles  northeast  of  White  Sands  Missile 
Range  Headquarters,  penetrated  6,015  feet  of  alluvial  fill  and  did 
not  reach  bedrock.   A  general  gravimetric  reconnaissance  of  the  area, 
from  which  the  altitude  of  the  top  of  consolidated  bedrock  was 
determined,  indicates  the  existence  of  a  basin  southeast  of  Rhodes 
Canyon,  in  the  vicinity  of  Lumley  Lake,  that  may  contain  over 
5,000  feet  of  alluvium  (fig.  23). 

The  water  table  slopes  steeply  from  the  mountains  on  the 
west  toward  the  basin,  and  gently  from  north  to  south  in  the  basin. 
The  effect  of  withdrawal  of  fresh  water  in  well  fields  0.5  to  2.5 
miles  north  of  the  Headquarters  and  2.5  miles  southeast  of  the  Head- 
quarters is  shown  in  the  shape  of  the  3,850-foot  water  table  contour 
shown  on  figure  23. 

The  variation  in  the  yields  of  wells  is  shown  in  figure  24. 
Although  variable  throughout  the  area,  the  highest  yields  are 
generally  obtained  in  a  zone  between  the  mountain  front  and  the 
toe   of  the  alluvial  fans  east  of  the  mountains.   Wells  located  in 
this  area  must  be  far  enough  east  of  the  mountain  front  to  obtain 
an  adequate  saturated  thickness  and  far  enough  west  of  the  lowest 
part  of  the  basin  to^penetrate  coarse  fan  deposits.   This  relation- 
ship is  shown  in  T.  19  S.,  R.  5  E. ,  where  the  east  wells  have  yields 
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of  1.6  and  20  gpm,  the  middle  well  has  a  yield  of  165  gpm  with  a 
drawdown  of  39  feet  in  an  aquifer  having  a  transmissivity  of  1,340 
ft2 /day,  and  the  west  well  has  a  yield  of  235  gpm  with  a  drawdown 
of  4.3  feet,  and  an  aquifer  transmissivity  of  39,500  ft2/day.   This 
relationship  also  holds  for  the  wells  in  T.  21  S. ,  R.  5  E.   The  well 
in  sec.  8,  T.  22  S.,  R.  6  E.,  developed  in  fine  sand  and  yielding 
740  gpm  with  a  drawdown  of  60  feet,  an  aquifer  transmissivity  of 
2,630  ft2/day,  appears  to  be  an  exception. 

In  general,  maximum  yields  are  obtained  from  the  alluvial 
fan  deposits  bordering  the  mountains;  however,  high-yield  wells 
can  be  developed  in  fine  sand  zones  in  the  alluvium  east  of  the 
fans  if  care  is  exercised  in  well-screen  selection  and  well 
development. 

Specific  yield  of  the  alluvial  deposits  in  the  White  Sands 
Missile  Range  Headquarters  area  has  been  calculated  (Herrick,  1960a, 
p.  98)  to  be  15  percent.   Estimates  in  other  areas  of  the  Tularosa 
Basin  give  specific  yields  of  8  to  12  percent. 

Fresh  water  occurs  as  a  lens  in  the  basin  deposits  east  of 
the  mountain  front.   The  relation  of  water-quality  zones  is  shown 
in  figures  25-30.   The  thickest  fresh-water  section  lies  adjacent 
to  the  mountain  front.   Where  granitic  rocks  are  exposed,  the 
fresh-water  lens  in  the  alluvium  to  the  east  is  more  extensive  and 
reaches  a  maximum  thickness  of  1,800  feet  in  the  reentrant  at .White 
Sands  Missile  Range  Headquarters.   The  lens  thins  to  the  east  and 
north  of  the  Headquarters  area.   Generally,  more  saline  water  lies 
beneath  and  to  the  east  of  the  fresh-water  zone.   In  the  northern 
part  of  the  area  where  the  rocks  of  contributing  drainage  areas 
and  the  alluvial  deposits  contain  gypsum  and  other  soluble  materials, 
the  fresh-water  lens  is  either  reduced  in  size  or  is  absent. 

The  1  to  3  g/1  saline-water  unit  appears  to  exist  as  a  thin 
transitional  zone  throughout  most  of  the  area  (fig.  31)  .   The 
maximum  thickness  of  this  water-quality  unit  occurs  in  a  well 
drilled  8  miles  northeast  of  White  Sands  Missile  Range  Headquarters. 
A  140-foot  integrated  sample  from  109  to  249  feet  in  the  well  contained 
1,670  mg/1.   An  electric  log  of  the  well  indicates  that  this  zone  may 
extend  to  450  feet,  giving  a  thickness  of  341  feet  of  1-3  g/1  water  in 
this  well.    Depths  from  which  slightly  saline  water  has  been  sampled 
in  the  area  vary  from  109  to  1,016  feet.   Indirect  evidence  indicates  the 
zone  exists  at  depths  up  to  2,000  feet  in  the  Headquarters  area.   The 
1  to  3  g/1  saline  water  is  predominantly  a  calcium  sulfate  to  sodium 
chloride  type.   Sample  temperatures  range  from  21.8°C  to  27.8°C. 

The  3  to  10  g/1  saline-water  unit  reaches  maximum  thickness 
southeast  of  the  White  Sands  Missile  Range  Headquarters  and  south- 
east of  Rhodes  Canyon,  as  shown  in  figure  32. 
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Figure  27.--Diagrammatic  section  F-F'at  Ash  Canyon 
showing  water  quality  units. 
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Figure  28.  —  Diagrammatic  section  G-G*   5  miles  north  of   White  Sands 
Missile    Range  Headquarters    showing  water-quality  units. 
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Figure  29.--  Dicgrammatic    section    H-H'  at  White    Sands   Missile    Range 
Headquarters    showing   water-quality   units. 
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Figure    30.  —  Diagrammatic   section     l-l       3    miles    south    of    White    Sands 
Missile    Range    Headquarters   showing    water-quality    units. 
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Water  of  sodium  chloride,  sodium  sulfate,  and  calcium  chloride 
type  are  included  in  this  saline-water  unit.   Reported  sample 
temperatures  range  from  25.6°C  to  26.7°C. 

Water  of  10  to  35  g/1  salinity  occurs  in  the  central  part 
of  the  basin  and  beneath  the  less  saline  deposits  east  of  the 
mountain  front  (fig.  33).   A  well  in  sec.  8,  T.  22  S.,  R.  6  E. , 
has  been  used  in  saline-water  irrigation  experiments  (Stewart, 
1967) .   The  dissolved-solids  concentration  of  the  water  from  this 
well  reportedly  increased  from  9,662  to  16,110  mg/1  during  the 
three  years  of  pumping.   The  sampled  water  is  a  calcium  sulfate 
to  sodium  chloride  type.   Sample  temperatures  ranged  from 
25°C  to  33°C. 

Brines  (greater  than  35  g/1  salinity)  occur  at  shallow  depths 
near  the  "alkali  flats"  and  ephemeral  lakes  (such  as  Lake  Lucero) 
in  the  east  part  of  the  area.   Brine  is  also  encountered  beneath 
less  saline  water  in  most  of  the  area.   The  most  concentrated  brine 
found  was  in  a  test  hole  in  sec.  15,  T.  22  S. ,  R.  5  E.   The  sample 
from  2,590  to  3,700  feet  contained  112  g/1.   The  brine  is  a  typical 
sodium  chloride  type,  and  the  sample  temperatures  ranged  from 
25°C  to  54°C. 
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Appendix  tables 

The  following  five  tables  represent  a  relatively  complete 
tabulation  of  information  obtained  from  the  literature,  files  of 
the  U.S.  Geological  Survey,  the  State  Engineer  Office,  White  Sands 
Missile  Range,  Holloman  Air  Force  Base,  the  city  of  Alamogordo  and 
White  Sands  National  Monument,  and  from  other  State  and  Federal 
agencies. 

Wells  and  springs  in  these  tables  are  identified  by  a  number 
based  on  their  location.   The  first  part  of  the  number  indicates 
the  township  north  (N)  or  south  (S)  of  the  New  Mexico  Baseline, 
the  second  part  indicates  the  range  east  (E)  or  west  (W)  of  the 
New  Mexico  principal  meridian,  the  third  part  indicates  the  section 
within  a  township,  and  the  fourth  segment  indicates  the  location 
within  the  section.   The  three  digits  in  the  fourth  part  of  the 
number  indicate,  respectively,  the  quarter  section  (about  160  acres), 
the  quadrant  (about  40  acres)  of  the  quarter  section,  and  the  quad- 
rant (about  10  acres)  of  the  40-acre  tract  in  which  the  well  is  lo- 
cated.  Figure  34  shows  the  system  of  numbering  quarter  sections 
and  quadrants,  which  is  done  in  reading  order,  as  well  as  the  num- 
bering of  sections  in  a  township.   The  letter  designation  following 
the  fourth  segment  indicates  the  well  was  the  second,  third,  or 
fourth  (a,  b,  c)  well  located  in  that  particular  tract.   The  well 
in  figure  34  is  in  the  NE^NE^NE^  sec.  24,  T.  22  S.,  R.  4  E.   When 
a  well  cannot  be  located  to  the  10-acre  tract,  the  remaining  digit 
or  digits  are  zeros. 
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Sections  within  a  township 
R.4E. 
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